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The G60S Connexin43 Mutant Regulates Hair
Growth and Hair Fiber Morphology in a Mouse
Model of Human Oculodentodigital Dysplasia
Jared M. Churko1, Jason Chan1, Qing Shao1 and Dale W. Laird1
Patients expressing mutations in the gene encoding the gap junction protein Cx43 suffer from a disease called
oculodentodigital dysplasia (ODDD). Patients with ODDD are often reported to develop hair that is dry, dull,
sparse, and slow growing. To evaluate the linkage between Cx43 and hair growth, structure, and follicle density
we employed a mouse model of ODDD that harbors a Cx43 G60S point mutant. Regionally sparse and overall
dull hair were observed in mutant mice compared with their wild-type (WT) littermates. However, histological
analysis of overall hair follicle density in mutant and WT mice did not reveal any significant differences. After
epilation, mutant mouse hair grew back slower, and hair growth was asynchronous. In addition, ultrastructural
scanning electron microscopic imaging of hair fibers taken from mutant mice and two patients harboring the
G143S mutation revealed severe cuticle weathering. Nodule formation was also observed in the proximal region
of hair fibers taken from mutant mice. These results suggest that the G60S mutant mouse model mimics the hair
phenotype found in at least some ODDD patients and suggests an important role for Cx43 in hair regeneration,
growth, and cuticle formation.
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INTRODUCTION
A gap junction channel is composed of two connexin hexamers,
which allow direct intercellular communication between two
contacting cells. These channels proceed to cluster into tightly
packed arrays known as gap junctions. Connexin43 (Cx43) has
been implicated in a wide variety of physiological events that
include the synchronous beating of the heart (Jalife et al., 1999),
bone development (Civitelli, 2008), and epidermal differentia-
tion (Langlois et al., 2007; Churko et al., 2010). However, our
current knowledge on the role of Cx43 in hair follicle
differentiation and hair growth is limited.
In skin, Cx43 is reported to be expressed in keratinocytes,
dermal fibroblasts, the arrector pili muscle, sweat glands,
sebaceous glands, and the hair follicle (Choudhry et al.,
1997). In addition, Cx43 has also been reported to be
expressed in the inner and outer root sheath, the dermal
papilla (DP), and the proliferating matrix in the rat hair
follicle (Risek et al., 1992). Although the expression of
Cx43 within each histologically distinct cellular layer of the
hair follicle has been reported, to our knowledge, there are
no studies that examine how Cx43 is linked to hair growth,
the structure of the hair fiber or hair regeneration. In the
present study we assess these physiological events in a mouse
model of a Cx43-linked disease.
Oculodentodigital dysplasia (ODDD) is a disease asso-
ciated with mutations in the gene that encodes Cx43. The
majority of ODDD patients develop craniofacial defects,
tooth abnormalities, and syndactyly of the digits (Paznekas
et al., 2003). In addition to these common developmental
defects, poor hair growth or hair abnormalities is observed in
B25% of these patients (Paznekas et al., 2009). These same
patients are also often reported to have hair that is dry, dull,
thin, curly, and sparse (Gorlin et al., 1963; Sugar et al., 1966;
Thoden et al., 1977; Kjaer et al., 2004; Kelly et al., 2006;
Paznekas et al., 2009). Hair fiber abnormalities were reported
as early as 1977 in an ODDD patient who developed
monilethrix and pili annuli changes in their hair fibers
(Thoden et al., 1977). In addition, hair fibers from a patient
expressing the L11P mutant were recently reported to
develop a nodule/beaded appearance along the hair shaft
(Kelly et al., 2006). Given that a sub-population of ODDD
patients develop these hair abnormalities, Cx43 is proposed
be involved in the differentiation and growth of hair.
Several mutant mouse lines (G60S, I130T, and G138R)
have now been established that mimic ODDD (Flenniken
et al., 2005; Kalcheva et al., 2007; Dobrowolski et al., 2008).
To date, the only reported hair defect in these mouse models
are seen in the G138R mouse in whichB30% of the mutant
mice are born with sparse hair, and this phenotype becomes
more apparent in adulthood (Dobrowolski et al., 2008).
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However, it is not known whether any of these mouse
models of ODDD also mimic other hair abnormalities
present in ODDD patients. In this study we use a mutant
mouse model as well as hair samples obtained from ODDD
patients to examine the role of Cx43 in hair development,
growth, and structure.
RESULTS
As Cx43 was previously reported to be expressed in the skin
(Risek et al., 1992; Choudhry et al., 1997), we sought to
determine whether Cx43 localization was altered in mice
harboring a mutant form of Cx43. Immunofluorescent
localization of Cx43 in skin taken from the backs of wild-
type (WT) mice was consistent with previous reports (Risek
et al., 1992; Choudhry et al., 1997), and Cx43 was also found
to be localized to various regions of the hair follicle. During
anagen, high Cx43 expression could be observed in the hair
matrix, the outer root sheath (basal, suprabasal, the compa-
nion layer), the inner root sheath (Huxle and the cuticle layer)
and low Cx43 levels were observed in the DP and the
connective tissue sheath (Figure 1). Hair follicles were also
co-labeled for Cx43 and a bulge stem cell marker (CK15).
Little Cx43 was found to be present in CK15-positive cells
(Figure 1c). In hair follicles taken from WT mice, Cx43
localized to punctate plaque-like structures, whereas the
localization of Cx43 within the hair follicles of mutant mice
was more diffused in appearance (Figure 1a, inserts).
To determine whether the observed difference in Cx43
localization in mutant mice might adversely affect the
development and differentiation of the hair follicle, we
analyzed hair follicle density, growth rates, and hair fiber
structure in both WT and mutant mice. Visually, there was a
decrease in hair density (hypotrichosis) in a subset of mutant
mice (B20%) and this observation was most evident in the
neck region of aged mice (Figure 2a). The coat hair from these
mice also appeared dull and had a ‘‘wooly’’ appearance. To
empirically determine whether mutant mice develop hypo-
trichosis, tissue sectioning of the neck and back skin was
performed and the number of hair follicles per epidermal
length was analyzed. Quantification of the number of hair
follicles of 6- to 8-week-old mice, however, did not reveal
any statistically significant differences between WT and
mutant mice in either the neck or back region (Figure 2b).
As Cx43 is expressed in zigzag, guard, awl, and auchene
hair follicle subtypes, we sought to determine whether Cx43
mutant expression could selectively impact the development
of different hair subtypes. Within the WT and G60S mice
(Figure 3a), we found no significant differences between the
proportions of hair subtypes, suggesting that the Cx43 mutant
does not selectively impact the differentiation of the different
mouse hair subtypes. When analyzing the different subtypes
by light microscopy, hair fibers taken from the G60S
mice revealed slight notching (arrows) as well as some
twisted regions along the hair fiber (Figure 3b). A notable
difference in the size of the hair derived from the mutant mice
was also observed. By quantifying both the length and
thickness (diameter) of the most abundant hair subtypes
(zigzag and awl), we found a statistically significant decrease
in both the thickness (Figure 3c) and length (Figure 3d) of
mutant mouse hair.
To analyze the ultrastructure of the hair fiber, scanning
electron microscopy was performed on WT and G60S mouse
hair fibers (Figure 4). Both the distal (Figure 4a) and the
proximal region (Figure 4b) of the hair fiber were imaged to
distinguish between the hair fiber morphology from newly
formed hair (proximal region) and that of hair fibers, which
may have undergone greater exposure to environmental
stresses (distal region). In comparing the distal hair fiber
region from 8-week-old WT and G60S mutant mice, the WT
hair fibers contained well-formed scaling with little to no
observable cuticle degradation. However, when analyzing
the distal hair fiber from mutant mice, we found severe
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Figure 1. Cx43 gap junctions were readily identified in multiple hair follicle
layers but rarely found in the hair follicles of G60S mice. (a) Connexin43
(Cx43) immunolabeling revealed that it is highly expressed in the hair matrix
(HM), while little Cx43 expression was observed in the dermal papilla (DP).
Cx43 gap junctions formed between cells in wild type (WT) hair follicles,
whereas Cx43 was diffusely localized in mutant mouse follicles (inserts).
(b) Above the bulb region, Cx43 is expressed in multiple layers of the hair
follicle. Cl, companion layer of the outer root sheath (ORS); Cor, cortex; CTS,
connective tissue sheath; Cu, cuticle layer of the hair shaft; He, Henle layer;
Hx, Huxle layer; iCu, cuticle layer of the inner root sheath; IRS, inner root
sheath; Med, medulla. (c) Little Cx43 localized with cytokeratin 15-positive
cells in the hair bulge region (inserts). Bars¼ 20mm. HS, hair shaft; SG,
sebaceous gland.
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cuticle degradation. Some hair fibers even completely lacked
this cuticle layer and the underlying cortical layer could be
observed (Figure 4a). To analyze the proximal region of the
hair fiber, the dorsal coat hair was epilated, and the epilated
hairs were analyzed again by scanning electron microscopy
(Figure 4b). Normal cuticle scales were evident in the
proximal hair fibers taken from mutant mice, but surprisingly,
hair fiber nodule formation was observed (arrows). These
nodules were not uniform, irregularly spaced, and could span
2–5 cuticle scale lengths.
An ultrastructural analysis of scalp hair obtained from
ODDD patients harboring the T154A or G143S mutant was
also performed by scanning electron microscopy (Figure 4c).
A female ODDD patient expressing the T154A mutant self-
reported that her hair was thick, dry, and fast growing,
whereas a patient with the G143S Cx43 mutant described her
and her son’s hair as curly and thin. Ultrastructural
examination revealed no overt hair fiber abnormalities in a
patient expressing the T154A mutation, whereas the hair
fibers from both the mother and son expressing the G143S
mutation revealed significant scale weathering with irregular
scale borders (Figure 4c, arrows).
Another common condition reported inB25% of patients
with ODDD is slow hair growth (Paznekas et al., 2009). To
determine whether G60S mutant mice also mimic the human
ODDD cases of slow-growing hair, hair fiber length
measurements were performed on WT and G60S mouse hair
that was previously epilated or depilated with the application
of calcium thioglycolate (Nair cream, Church & Dwight Co,
Mississauga, ON, Canada) (Figure 5). Images of hair regrowth
were evaluated on the day of treatment (Day 0) and on Days
6, 9, 12, 15, and 18 after epilation (Figure 5a). Hair length
measurements taken after epilation (Figure 5b) and depilation
(Figure 5c) revealed that hair fibers plucked from the G60S
mice were consistently shorter than hair fibers plucked from
the WT mice. In addition, after epilation treatment, the WT
mice re-grew hair uniformly, whereas hair growth from the
backs of mutant mice was not synchronized (Figure 5d).
The largest delay in re-growth was determined to be within
the neck (cranial) region of these mice.
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Figure 2. A subset of G60S mutant mice has sparse hair in the back and neck
regions, but overall hair density in mutant mice remains unchanged from
wild-type mice. (a) InB20% of G60S mice, a decrease in hair follicle density
could visually be observed. (b) Quantification of the number of hair follicles
per field of view after hematoxylin and eosin staining; the analysis revealed
no significant difference in the adult hair follicle density of mutant mice.
N¼5. Bar¼ 100mm. WT, wild type.
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Figure 3. G60S mutant mice have the same frequency of hair subtypes as
WT mice, but develop thinner and shorter hair fibers. (a) Fifty hairs from both
wild type (WT) (N¼4) and G60S (N¼4) mice were identified as being zigzag
(Z), guard (G), awl (Aw), or auchene (Au). There were no significant
differences observed between the proportion of hair subtype between G60S
and WT mice. (b) Hair fiber diameter (c) and length (d) measurements were
taken from four WT and four G60S mice (250 hairs measured). Hair fibers
derived from G60S mice were significantly shorter (***Po0.001, N¼4) and
thinner (***Po0.001, N¼ 4) when compared with WT mice. Bar¼ 1mm in
panel a and 100mm in panel b.
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As G60S mutant mouse hair fibers grew slower than WT
hair fibers, we investigated whether the mitotic output was
lower in hair follicles from mutant mice. WT and G60S
mouse anagen hair follicles from skin regions previously
epilated (day 6 and day 9 after epilation) were labeled with
the M-phase-specific marker phosphorylated-histone H3, and
the percentage of the phosphorylated-histone H3-positive
nuclei in the hair matrix was quantified (Figure 5e). In WT
mouse hair follicles, there were significantly more phos-
phorylated-H3-positive nuclei when compared with hair
follicles form G60S mutant mice. In addition, there was
significantly more cells (nuclei) in the WT mouse hair matrix
(Po0.05, average nuclei±SEM: WT¼106±02.8, G60S¼
86±2.1, N¼5, n¼328 follicles analyzed), whereas no
differences were observed in the amount of DP nuclei
(average nuclei±SEM:WT¼ 10.15±0.45, G60S¼10.07±0.35,
N¼5, n¼328 follicles analyzed).
DISCUSSION
Cx43 is the most widely expressed connexin within the
human body and it has been reported to regulate many
developmental processes (Elias and Kriegstein, 2008; Hatler
et al., 2009; Nagata et al., 2009; Toth et al., 2010). Cx43 is
expressed in the follicular and interfollicular epidermis;
however, the various roles that Cx43 may have in regulating
these compartments have not been characterized. Given that
the expression of mutant Cx43 in some patients leads to
structural hair fiber abnormalities (Thoden et al., 1977;
Adamski et al., 1994; Kelly et al., 2006) and slow-growing,
thin, dry, and dull hair (Gorlin et al., 1963; Sugar et al., 1966;
Kjaer et al., 2004; Paznekas et al., 2009), we postulated that
Cx43 may have a key role in hair development and growth. In
this study, we found that Cx43 in mutant mice have a distinct
Cx43 localization profile within the hair follicle, display hair
fiber structural abnormalities, and grow slower. Although the
G60S mutant has not been reported in the human population
(Paznekas et al., 2009), these mice display many similar hair
defects also associated with ODDD patients. In addition,
ultrastructural analysis of hair fibers from ODDD patients
expressing the G143S mutant, but not the T154A mutant, also
displayed cuticle degradation.
Cx43 was localized in a punctate pattern at sites of cell-
cell apposition in WT mouse hair follicles, whereas a diffuse
pattern was observed in cells from the hair follicles of G60S
mice. There appeared to be a notable reduction in gap
junction plaques in mutant mice, and by definition a
predicted reduction in gap junctional intercellular commu-
nication, but this is somewhat difficult to conclude with
certainty as a putative upregulation of Cx43 could mask the
punctate gap junction plaque profile. We previously ob-
served significantly reduced gap junctional coupling when
the G60S mutant was expressed in reference cell lines that
contained or lacked endogenous Cx43 (McLachlan et al.,
2005; Churko et al., 2010) as well as in primary cardiomyo-
cytes (Manias et al., 2008) or osteoblasts (McLachlan et al.,
2008) obtained from G60S mutant mice. Thus, it is highly
likely that resident cell types of the hair follicle also have
reduced gap junctional coupling, which could in turn impact
the growth and development of the hair follicle and the hair
fiber. However, in theory, mutant Cx43 may also impact hair
growth and differentiation by other mechanisms such as
disrupting the gap junction proteome (Laird, 2010).
Although hair abnormalities have been reported in some
patients with ODDD, this is not the case for all ODDD
patients, suggesting that some Cx43 mutations may be more
potent in altering hair growth and differentiation.
This concept is supported by a previous study, which
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Figure 4. Structural defects were observed in hair fibers derived from G60S
mutant mice and from patients expressing the G143S mutant. (a) The distal
region of the hair fiber from WT and G60S mice was compared by scanning
electron microscopic analysis. Hair fibers from the G60S mice revealed
significant weathering in the cuticle layer. (b) The proximal region of the hair
fiber was also evaluated under low and high magnification by scanning
electron microscopy to reveal nodules along many hair fibers (arrows).
(c) Cuticle weathering was also observed in patients expressing the G143S
mutant. Scanning electron microscopic examination of the T154A hair fibers
did not reveal any significant structural abnormalities. However, hair from
two patients (parent and sibling) expressing the G143S mutant revealed
cuticle weathering.
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demonstrated that keratinocytes expressing the frameshift 260
mutant were more potent than several missense Cx43
mutants at altering cell coupling levels, epidermal organo-
typic formation, and transepithelial resistance (Churko et al.,
2010). Alternatively, patient disease heterogeneity may
extend beyond these criteria as phenotype variability is also
seen in mutant mice. For instance, it has been reported that
only one-third of sibling mice expressing the G138R Cx43
mutant develop slow-growing and sparse hair (Dobrowolski
et al., 2008). This variability was also observed in our study as
a subset of mice (B20%) expressing the G60S mutant
exhibited visually less hair density near the neck region.
However, when the entire mutant mouse population was
considered, no hair density differences were observed
between G60S and WT mice. In the G60S mice, hair regrowth
was asynchronous and was delayed by approximately 3 days.
Our results suggest that Cx43 is linked to mechanisms, which
regulate the outward growth of the hair fiber, as hair growth
was delayed after both epilation and depilation treatment.
The bulge cell population in human hair follicle development
has been reported to express Cx43 (Arita et al., 2004);
however, another group reported that mouse bulge stem cells
do not express Cx43 (Matic and Simon, 2003). Consistent
with the latter report, we also observed little Cx43 expression
in CK15 (bulge stem cell marker)-expressing cells, suggesting
that the telogen–anagen transition in G60S mutant mice may
be unaffected. As Cx43 expression increases in hair follicle
growth (anagen), mutant Cx43 may impair the formation and
growth of the hair follicle. Proliferation analysis in cells,
which highly express Cx43 (the hair matrix), revealed that the
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Figure 5. Hair regrowth is delayed in G60S mice. (a) The backs from wild-type (WT) and G60S mice were imaged at Days 0, 6, 9, 12, 15, and 18 after epilation.
Regrowth of hair was quantified by measuring the length of plucked hairs at Days 12, 15, and 18 after epilation (b, *Po0.05, N¼ 4) or depilation (c, *Po0.05,
N¼5). (d) Asynchronous regrowth was observed in the neck region (cranial region) of G60S mice after epilation when compared with WT littermates. After both
treatments, hair regrowth in mutant mice was delayed by approximately 3 days. (e) Assessment of cell proliferation revealed that G60S hair follicles had
significantly less phospho-histone H3-positive (Phos-H3þ ) cells in the hair matrix. (*Po0.05, N¼5). Bars¼ 50mm.
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total mitotic output was lower in G60S mouse hair follicles.
This could also explain the delay in hair regrowth observed in
the G60S mice and why G60S mice develop significantly
shorter and thinner hair fibers. However, as Cx43 is also
expressed in the DP, it is not known whether mutant Cx43
expression in this region impairs the signaling interactions
that occur between the DP and the hair follicle epithelium.
Scanning electron microscopy revealed cuticle degrada-
tion in both family members expressing the G143S mutation,
but these structural defects were not observed in the hair
sample derived from a patient expressing the T154A
mutation. A patient expressing the G143S mutation self-
reported thin and curly hair, whereas the patient expressing
the T154A self-reported thick and fast-growing hair. As slow-
growing hair is often reported as a hair abnormality
associated with ODDD and as only B25% of patients with
ODDD report any hair abnormalities, we were not surprised
that the hair fibers from the T154A patient documented in this
study appeared normal. Nevertheless, cuticle weathering was
observed in the patients expressing the G143S mutant and
this defect was consistent with previous reports, which linked
Cx43 mutants with hair fiber structural defects such as
monilethrix, pili annuli, nodule/beaded, and cuticle weath-
ering (Thoden et al., 1977; Adamski et al., 1994; Kelly et al.,
2006). Similar to hair fiber bulging and cuticle weathering, as
seen in a patient with ODDD (Adamski et al., 1994), the
proximal region of the hair fiber from some mutant mice
formed nodules at irregular intervals, whereas the distal
portion of the mutant mouse hair fibers showed extreme
cuticle layer weathering. This defect was sometimes so severe
that the underlying cortical layer was exposed. As keratiniza-
tion defects have been reported in ODDD patients (Paznekas
et al., 2003; van Steensel et al., 2005; Kelly et al., 2006;
Vreeburg et al., 2007), improper keratinization may also
explain the cuticle weathering and nodule formation
observed in the mutant mice. In the absence of proper
keratinization, the hair fiber may be prone to structural
defects and premature degradation.
Given that loss-of-function mutant Cx43 expression delays
hair re-growth in mutant mice, future studies should address
the question of where Cx43 overexpression would enhance
hair follicle health and the rate of hair growth. In addition, as
a reduction in functional Cx43 leads to a drop in the health of
the hair fiber shaft, elevating the expression of Cx43 during
hair growth may also improve the structural integrity of the
developing hair fiber.
MATERIALS AND METHODS
All animal experiments were approved by the Animal Use
Subcommittee of the University Council on Animal Care at the
University of Western Ontario. The G60S mice were developed by
Dr Janet Rossant at the Centre for Modeling Human Disease
(University of Toronto, ON, Canada) (Flenniken et al., 2005).
Skin tissue collection
Dorsal neck and back skin samples from five WT and five G60S 6- to
8-week-old age- and sex-matched mice from either untreated or
epilation-treated mice were dissected and placed in fixative solution
of 4% formalin for 4 hours before being transferred into phosphate-
buffered saline (PBS). Paraffin-embedded samples were cross-
sectioned at 5mm thickness. Tissue sections used to determine the
hair follicle density were subjected to hematoxylin and eosin
staining, whereas tissue sections used to determine the localization
of Cx43 were further immunolabeled.
Hematoxylin and eosin staining to determine hair follicle
density
Skin sections were deparaffinized in xylene via three changes at
3-minute intervals followed by immersion in a series of ethanol
solutions (100, 100, 100, 95, and 70%) for 3minutes each. Sections
were then stained in hematoxylin (Lerner Laboratories, Pittsburg, PA)
solution for 5minutes followed by tap water for 5minutes after
rinsing. Slides were quickly dipped eight times in acid ethanol (1%
HCl in 70% ethanol) before staining with eosin (Lerner Laboratories)
solution for 5minutes. Slides were then put in ethanol (95 and
100%) for three changes each of 3minutes followed by xylene for
three changes of 5minutes each and mounted using Cytoseal 60
(Thermo Scientific, Waltham, MA). Slides were imaged using a Zeiss
Axioplan 2IE microscope (Zeiss, Carl Zeiss Canada, Toronto, ON,
Canada, AxioVision 4.7.2 software).
Cx43, phosphorylated histone H3, and CK15 immunolabeling
Skin sections from untreated, WT Day 6 post-epilation and G60S
Day 9 post-epilation mice were deparaffinized in xylene and passed
through a series of ethanol solutions (95, 95, 70, 70, 50, and 50%)
for 2minutes each. Sections were washed in PBS before antigen-
retrieval treatment with aqueous 1.8mM citric acid and 8.2mM
sodium citrate solution in boiling water for 10minutes. Sections
were permeabilized with 0.2% Triton X-100 in PBS for 12minutes,
washed with 0.2% Tween-20 in PBS, and blocked with 2% BSA
(Sigma-Aldrich, St Louis, MO) in PBS containing 0.2% Triton X-100
for 30minutes. Primary antibodies: rabbit anti-Cx43 polyclonal
antibody (Sigma-Aldrich) at a 1:500 dilution, CK15 (Cat# ab17765,
clone SPM190, Abcam, Cambridge, MA) at a 1:4 dilution or
phospho-histone H3 (Ser28) antibody (Cat# 9713, Cell Signaling,
Danvers, MA) at a 1:400 dilution in blocking buffer were incubated
for 1 hour at room temperature. Alexa Fluor 555 (Invitrogen,
Carlsbad, CA) goat anti-rabbit secondary antibody or Alexa Fluor
488 (Invitrogen) goat anti-mouse secondary antibody was used at a
dilution of 1:250 in blocking buffer for 1 hour. Nuclei were stained
with DAPI dye (1:1000; Molecular Probes, Eugene, OR) for
5minutes. Before mounting with Airvol (Air-products and Chemi-
cals, Allentown, PA), sections were washed 1 with PBS for
3minutes and 1 with water. To quantify phospho-histone
H3-positive cells, 150 WT and 178 G60S mouse hair follicles were
imaged from mouse skin at 6 and 9 days after epilation occurred.
DAPI-labeled nuclei and phospho-histone H3-labeled nuclei sur-
rounding the DP were counted and the percent of phospho-histone
H3 labeled nuclei were graphed.
Hair growth experiment
Four WT and four G60S 6- to 8-week-old age- and sex-matched
mice (littermate grouping) were used to determine hair growth rate.
Mice were first anaesthetized using 5% isoflurane in combination
with oxygen before the dorsal hair was shaved using electric
clippers (Oster Golden A5 2-speed universal motor clipper, Jarden
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Corporation, Greeneville, TN). Initial shaving was performed to
prepare the skin surface for either epilation or depilation treatments.
For epilation treatment (complete removal of hair fiber and bulb),
B1-square inch of a Nair wax strip was used to remove the hair fiber
and bulb. In a separate set of mice, the bulb region was kept intact
and the visible hair fiber was removed using a Nair Hair Removal
Cream containing calcium thioglycolate (depilation treatment). Hair
length measurements were taken by plucking an average of 35 hairs
from the post-treated (Days 12, 15, 18) regions following initial
epilation or depilation treatment (Day 0). Hair fibers were mounted
on slides using glycerol/water (4:1 v/v) solution. Hair fiber lengths
were measured by first taking photographs using a Zeiss Axioplan
2IE microscope with camera (Zeiss AxioVision 4.7.2 software) and
then using computer software (ImageJ 1.42, NIH, Bethesda, MD,
downloaded from http://rsbweb.nih.gov/ij/) to manually determine
lengths of individual hair fibers.
Analysis of coat hair
Adult dorsal hair was plucked using tweezers from the lateral non-
treated region of adult mouse coat hair (8- to 11-week-old male
mice). For adult hair length and diameter measurements, hair fibers
were mounted using glycerol/water (4:1 v/v) solution. For finer
analysis of hair under higher magnification, hair fibers were
mounted using Cytoseal 60 (Thermo Scientific). Photographs were
taken using a Zeiss Axioplan 2IE microscope (Zeiss AxioVision 4.7.2
software) and measurements were made manually using computer
software (ImageJ 1.42). Pelage hair subtype of at least 200 hairs per
mouse was determined visually using a light microscope under low
magnification ( 2).
Ultrastructural analysis
To analyze the hair samples from WT and G60S mice, scissors were
used to gently cut the dorsal coat hair fibers. Human hair samples
were obtained from ODDD patients with written, informed consent
and under a University of Western Ontario approved Research Ethics
Protocol. Hair collection was performed in accordance with the
ethical principles set forth in the Declaration of Helsinki. Three
separate hairs from both a mother and a son expressing the G143S
mutant along with a three hairs from a patient expressing the T154A
mutant Cx43 were obtained. Tweezers were then used to transfer the
hairs to an aluminum stub coated with a sticky tape. The proximal
region of the hair was handled to ensure handling did not damage
the imaged region of the hair fiber. To analyze the proximal bulb and
hair fiber region of WT and G60S mice, the mice were shaved using
electric clippers (Oster Golden A5 2-speed universal motor clipper)
and a Nair wax strip was used to epilate the embedded hair fiber and
bulb. The wax strip was then cut into approximately 7mm square
pieces and placed onto the aluminum stubs. Stubs were then
sputter-coated (Polaron THERMO, SC7620, Quorum Technologies,
Newhaven, East Sussex, England) with a 5nm layer of Au/Pd. Hairs
were then examined using a Hitachi S3000N scanning electron
microscope (Hitachi Science Systems, Hitachinaka-Shi, Japan) at 15 kV
and at a working distance of 15mm.
Statistical analysis
At least four mice were used per WT or G60S group for all
experiments. Statistical analysis was carried out using Student’s t-test
or ANOVA test, and Po0.05 was considered significant. All statistics
were performed using GraphPad Prism version 4.02 for Windows
(GraphPad Software, La Jolla, CA).
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